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REMARKS 

Reconsideration of this application is respectfully requested. Consideration and 
entry of this response is respectfully requested. 

KE J ECT1UM S UNDER 35 U»S.C. 103fa^ 

A. REJECTION OF CLAIMS 1, 2, 4-14 AND 16-17 

Claims 1, 2, 4-17 and 20 stand rejected under 35 U.S.C. 103(a) as being 
unpatentable over previously cited Hurpin (Vaccine, 16; 208-215 (1998)) in view of 
Hodge (Vaccine, 15: 759-768 (1997), Rice (U.S. Pat No. 6,127,116) and Lehner (J. 
Infect. Dis. 179(Suppl 3): S489-92 (1999)). Applicants respectfully traverse this 
rejection as indicated below. 

Independent claim 1, upon which claims 2, 4-17 and 20 depend, is directed to a 
method for inducing an immune response to a tumor antigen in an animal by 
administering at least two forms of an antigen into a lymphatic site of an animal in a 
prime-boost format, where at least one of the forms is administered directly into a lymph 
node. Applicants maintain that none of Hurpin > Hodge, Rice or Lehner, either alone or 
when combined with one another, render die instantly claimed methods obvious as 
discussed below. 

Hurpin fails to show administration of two different forms of antigen; animals are 
administered either mi ALVAC or a DNA vector encoding p53. Hurpin is also 
completely silent as to administration of an antigen directly into a lymph node and 
administers antigen only via the intravenous, subcutaneous, intradermal, intramuscular, 
and instrasplenic routes. Direct administration to a lymph node is not mentioned. 
Finally, Hurpin teaches away from aspects of Applicants' invention that allows for (but 
do not require) the two different forms of antigen to be administered in different sites 
(sec, for example, p. 211, col. 1, lines 4-5 ; , , mice primed by the intravenous route 
and boosted subcutaneously failed to respond.") Applicants maintain that nothing in 
Hurpin would lead the skilled artisan to be motivated or have any reasonable expectation 
of success in carrying out the instantly claimed methods. Applicants do not beUeve 
Hurpin is a proper 103(a) reference, either alone or in combination with Hodge, Rice and 
/ or Lehner as further discussed below, 
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Hodge is also silent as to administration of an antigen directly into a lymph node. 
Hodge administers recombinant avipox and vaccinia vectors encoding human CEA to 
mice in a prime-boost fonnat Hodge administers all vectors either intramuscularly or, 
for prime-boost studies, by tail skin scarification (see p. 761, first column, paragraph 
entitled v 7w vivo experiments" and p. 762, col. 1 under the heading "Prime and boost 
studies"). Hodge does not demonstrate, or even mention, administration directly into a 
lymph node as instantly claimed. Nothing in Hodge would lead the skilled artisan to be 
motivated to develop or have any reasonable expectation of success in carrying out the 
instantly claimed methods, Hodge cures none of the deficiencies of Hurpin and Huipin 
adds nothing to Hodge. Applicants do not believe Hodge is a proper 103(a) reference, 
either alone or in combination with Hurpin, Rice and / or Lehner. 

To supplement the deficiencies of Hurpin and Hodge, the Examiner turns to Rice 
and Lehner. Rice does not discuss a protocol involving both a prime and a boost step. As 
to direct administration to lymph node, Rice's disclosure is limited to the mere mention 
of this route and nothing more. Indeed, the route is labeled by Rice to be "preferred", but 
the skilled artisan is provided no further guidance. For example, Rice provides no 
information as to how to carry out this preferred route. In fact, the route is not mentioned 
anywhere else in the document. The remainder of Rice's disclosure relates to the cloning 
of HCV genes. Recognizing these deficiencies in Rice, the Examiner alleges that Rice 
provides motivation lu die skilled artisan to develop the claimed method, and that it is 
Lehner who provides the reasonable expectation of success. Applicants respectfully 
disagree, 

Lehner teaches only subcutaneous administration of antigen. At p, S489, Lehner 

states: 

As an alternative strategy, a subcutaneous immunization technique, which 
aims to administer the vacci ne in the proximity of the internal and external 
iliac lymph nodes, was developed [$]. The same antigen as that 
administered in the augmented mucosal administration (p27:Ty-VLP) was 
used, except aluminum hydroxide was used as an adjuvant. 

Thus, Lehner states tliai Ms technique only " alms to administer vaccine in the proximity" 
of the lymph node. Aiming to administer an antigen to a lymph node and actually doing 
so are two different things; Applicants are the only ones to have actually done so. 
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Lehner's teaching as to direct administration is nothing more than he disclosed nearly 
five years earlier (Lehner, et al. 1994. J. Immunol. 153: 1858-1868; attached). Thus, 
over the course of five years, Lehner himself was apparently not motivated to use direct 
administration. 

Lehner provides the skilled artisan with no reasonable expectation of success in 
dirggfly administering an antigen to a lymph node as part of a prime-boost regimen. At 
most, Lehner provides an invitation to try direct administration, even when combined 
with Rice. Applicants maintain that the skilled artisan, having the invitations of Rice and 
Lehner in hand, would not have had more than a hope that direct administration in a 
prime-boost format would work at the time of Applicants' invention. It is understood by 
those of skill in the tui that success with advanced techniques such as those instantly 
claimed is not to be expected until the experiments are completed. Applicants' disclosure 
represents the first time the skilled artisan could have had a reasonable expectation of 
success in administering an antigen directly into a lymph node as part of a prime-boost 
protocol. 

Given the cited art's failure to adequately provide the skilled artisan with both the 
motivation and a reasonable expectation of success in practicing the Claimed invention, 
Applicants respectfully maintain that these rejections are improper. At most, having read 
Hurpin, Hodge, Rice and Lehner, the skilled artisan may have been curious to try direct 
administration 03 part of a prime-boost protocol and hope the procedure would generate 
an immune response. However, this is not sufficient as hope is not the standard for 
obviousness. It was not until Applicants actually did the experiments disclosed in then- 
application that the skilled artisan could have known with any reasonable expectation of 
success that the claimed methods would function as desired. As such, Applicants 
respectfully request that this rejection be withdrawn. 

B. REJECTION OF CLAIMS 18 AND 19 

Claims 18 and 19 stand rejected under 35 U.S.C.' 103(a) as being unpatentable 
over previously cited Hurpin (Vaccine, 16: 208-215 (1998)) in view of Hodge (Vaccine, 
IS: 759-768 (1997), Rice (US. Pat. No, 6,127,1 16), Lehner (J. Infect. Dis. 179(Suppl 3): 
S489-92 (1999)), Zaremba (Cancer Res. 57: 4750-4577 (1997)) and Salgaller (Cancer 
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Res. 56: 4749-4757 (1996))- Applicants respectfully traverse these rejections as 
indicated below. 

Claims IS and 19 are dependent upon claim 1 7, which is dependent upon claim 1. 
In part A above, Applicants demonstrated that the combination of Hurpin, Hodge, Rice 
and Lehner cannot render the inventions of claim 1 obvious- Applicants believe the same 
reasoning applies to claims 18 and 19 with respect to Hurpin, Hodge, Rice and Lehner. 
While Zaremba and Salgaller may teach particular sequences relevant to the claims, 
neither cures the deficiencies of Hurpin, Hodge, Rice and / or Lehner. As such, 
Applicants believe the combination of Hurpin, Hodge, Rice and Lehner with Zarembe 
and Salgaller cannot render claims 18 and 19 obvious. As such, Applicants respectfully 
request that these rejections be withdrawn. 

B. REJECTION OF CLAIMS 21-27 

Claims 21-27 stand rejected under 35 U,S,C. 103(a) as being unpatentable over 
previously cited Hurpin (Vaccine, 16: 208-215 (1998)) in view of Hodge (Vaccine. 15: 
759-768 (1997), Rice (U.S. Pat No. 6,127,116), Lehner (J. Infect Dis. 179(Suppl 3): 
S489-92 (1999)), and Barnett (Vaccine 15(8): 869-873 (1997)). Applicants respectfully 
traverse these rejections as indicated below. 

Claim 21 , upon which claims 22-27 depend, is dependent upon claim 1 . In part A 
above, Applicants demonstrated that the combination of Hurpin, Hodge, Rice and Lehner 
cannot render the inventions of claim 1 obvious. Applicants believe the same reasoning 
applies to claims 21-27 with respect to Hurpin, Hodge, Rice and Lehner. The addition of 
Barnett docs noLhing to cure the deficiencies of Hurpin, Hodge, Rice and / or Lehner, 
Barnett may provide the skilled artisan with nucleic acid and protein forms of antigen, 
but adds nothing to the requirement that at least one of the forms is administered directly 
to a lymph node. Combination of Rice or Lehner with Barnett provides the skilled artisan 
with nothing more than an invitation to try direct administration of a nucleic acid and / or 
protein form of an antigen into a lymph node; this is insufficient support for these 
rejections. One wuuld not have had a reasonable expectation of success in carrying out 
the instantly claimed methods until Applicants actually did so, as evidenced by their 
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application. As such, these rejections are improper and Applicants respectfully request 
withdrawal of the same. 

CONCLUSIONS 

Consideration and entry of this amendment is respectfully requested. Applicants 
respectfully maintain that claims 1, 2 and 4-27 are now in condition for allowance and 
request that a Notice of Allowance for the pending claims. If the Examiner has any 
questions or believes a discussion would expedite prosecution, she is encouraged to 
contact the undersigned as her convenience. 



Respectfully submitted, 



Date: November 1 7, 2006 




Reg. No. 41, 053 

Patrick J. Halloran, Ph.D., J.D. 
3141 Muirfield Road 
Center Valley, PA 18034 
Tel: 610-984-4751 
Fax: 484-214-0164 
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Targeted Lymph Node Immunization with Simian 
Immunodeficiency Virus p27 Antigen to Elicit Genital, 
Rectal, and Urinary Immune Responses in 
Nonhuman Primates 1 



Thomas Lehner, 2 * Lesley A. Bergmeier/ Louise Tao,* Christina Panagiotidi,* 
Linda KJavinskis,* Luma Hussain,* Robert C* Ward,* Nicola Meyers/ 
Sally E* Adams/ Andy J. H, Gearing/ and Roger Brookes* 

♦Department of Immunology, United Medical and Dental Schools of Gu/s and St. Thomas' Hospital. Guy's 
Tower Floor 26, Guy's Hospital, London, United Kingdom; and + British Biotechnology Limited, 
Brook House, Cowley. Oxford, United Kingdom 

A s.c route of immunization was developed in non-human primates, which targets the genitourinary-rectal as- 
sociated lymphoid tissue. A vaccine consisting of rSIV $ag p27, expressed as hybrid Ty virub-like particles (p27: 
Ty-VLP) was administered in the proximity of the internal iliac lymph nodes. Secretory IgA and IgG Abs to the p27 
Ag were elicited in the vaginal, male urethral, rectal and seminal fluids, urine and serum. Two or more immu- 
nodomfnani B cell epitopes were identified within peptides 51-90 and 121-1 70 of the sequence of p27, using 
serum or biliary tgA and tgC Ab$. CD4+ T ceil proliferative responses to p27 were elicited predominantly in the 
targeted internal iliac, as wefl as the inferior mesentftrir lymph nodes and the spleen, but not in the unrelated 
lymph nodes. These cells were then studied for helper function in p27 specific B cell Ab synthesis. Specific IgA 
and IgG Abs were detected in the same lymphoid tissues as those that displayed proliferative responses. However, 
cross over reconstitute experiments between *plenk and iliac lymph node 6 and CD4 1 J cells suggest that the 
iliac B cells are essential for specific IgA Ab synthesis, whereas splenic B cells preferentially synthesize IgG Ab. 
The targeted lymph node (TLN) route of immunization gave comparable B cell, proliferative T cell, and Th cell 
responses to the vaginal, male genitourinary, and rectal mucosal routes, which were augmented by oral immu- 
nization. However, the TLN route induced urinary and seminal fluid slgA and IgG Abs in addition to genital and 
rectal Abs. Generating secretory IgA and l g C Abs at the mucosal surfoecs, and T and B cell immunity in the 
regional draining lymph nodes, spleen and circulation by TLN immunization may prevent transmission of virus 
through the mucosa, dissemination of the vims, and the formation of a latent reservoir of infection. The Journal 
of immunology, 1994, 153: 1658. 



Male and female genital and recta] mucosal 
transmission of HIV is responsible for a large 
proportion of patients developing AIDS (1 -4). 
Despite the high prevalence of sexually transmitted dis- 
eases the immune system of the female and male genito- 
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urinary and rectal tracts have received only limited atten- 
tion. Secretory IgA and monomeric IgG Abs are found in 
ccrvicovagUwil end rectal secretion*, o> well as in the m*\r 
urethral washings of non-human primates (5-7). JgA-con- 
taining plasma cells are found in the lamina propria of 
these epitnelm (&, y, and L. A. Hussain, L. A. Bergmeler, 
and T. Lehncr; Immunological characterization of male 
primate urethra. Manuscript in preparation.), and secretory 
component (SC) 3 necessary for transport of polymeric IgA 



J Abbreviations uifid In this paper; SC, secretory component; M$, macro* 
phage?; CTB, cholera toxin B subuntt; Slv, simian Immunodeficiency virus; 
TLN. targeted lymph nodes; TT, ttrUinu* toxoid; VLP. virus-tike panictei; 
Emulation Index. 
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across the epithelial ceils has been demonstrated in the 
endncerviral (R) and rental ($) epithelial cells. Cervico- 
vaginal immunization resulted in local slgA and IgG Abs 
and m some cases systemic Abs with a variety of Ags 
(10-14). Wc weio nut able lu IIjiJ cApciiiueiUai evidence 
of mate genito-urinary immunization previous to our re- 
cent investigation in nonhuman primates (7). Indeed, there 
appeared to be no preferential homing from the gut-asso- 
ciated lymphoid tissue to the male genital tract of rats (15). 
Although the rectum has been commonly used for drug 
administration, there is little information concerning im- 
munization by this route. An early investigation of immu- 
nization with poliovirus in the colon elicited local IgA Aba 
to the virus, which prevented excretion of the virus (16). 

Immunization via the mucosal associated lymphoid tis- 
sue might be expected to elicit slgA Abs in the genitouri- 
nary and rectal tracts (17, 13). Indeed, oral immunization 
in rodents induced Abs in the genital tract, and adoptively 
transferred murine mesenteric lymph node cells home to 
the genital tissues (17). Direct administration of SRBC 
into Peyer** patches of Sprague-Dawley rati induced vag- 
inal IgA and IgG Abs (14, 19). These experiments suggest 
that sensitized B cells may home from gut-associated lym- 
phoid ti&auc to the genital tract. I to we vex, oral iiiiiiiuj illa- 
tion in nonhuman primates with the rSIV gag p27 fused to 
the yeast reirotransposon virus-like particles (p27:Ty 
VLP) failed to induce significant slgA Abs in the genital 
or rectal tract (20). Similarly, microencapsulated formalin- 
treated SIV administered orally to rhesus macaques failed 
to elicit vaginal Abs or protection when challenged with 
live SiV by the vaginal route (21). However, augmenting 
oral (or intratracheal) immunization by previous i.m. im- 
munization with SIV induced vaginal IgG and IgA Abs to 
SIV and five out of six macaques were protected when 
challenged by thu vaginal l£ >uic (21). 

Augmenting genital immunization by oral immuniza- 
tion in female (5) or male macaques (7) or augmenting 
rectal by oral immunization (6) induced slgA and IgG Abs 
to p27 at the corresponding mucosal surface. Scrum Abs 
and O04 + T cell proliferative responses to p27 wer« also 
elicited by the three routes of immunization. Autopsy ex- 
amination of these macaques showed T and B cell re- 

sprmKfts in the internal iliac lymph node cells, in contrast 

to systemic immunization. We have administered the hy- 
brid p27:Ty-VLP vaccine mixed with aluminium hydrox- 
ide in the proximity of che internal iliac lymph nodes, to 
target the gemtourinary-rectal associated lymphoid tissue, 
in an attempt to elicit slgA in the vagina, male urethra, 
seminal fluid, rectum, and urine of nonhuman primates. 

Materials and Methods 

Vaccine 

the CUK&iittmi of hybrid virw-Iifeo particle* COaiuinin S the StV ti27 ttc 

jwnceof n»h* 32Hof SlVmac^l teed to the pi pnMrin of Ty h^bcen 

^£S£ VE^SQ T** SVV &S P 27 6w "^derived &wn thedo^ 
pNlBSa(23)«*i the StV p27:T>.VU> and cooiml TyATi^TuSto 



fiam ycest extracts. Nonp&nicaUcc p27 was prepared by proteolytic dcav- 
S&e fixra either p27.Ty-VU > or from a fctataltJofte ^lnmafnrasc/p27 fusion 
protein and further purified by Ion exchange chromatography <22> The ab- 
sence of any Ty prcteb in lhep27 preparation was confirmed by Western 
Wotting. The rAgs were oovatently linked to cholera toxin 3 stfnmit (CTB) 
(Signtt fins Chemical Company, Pppl, Don**, UK) M a rultu of lil utang 

(^uccaiiniidyJ>^-2 pyridyl dilhioprcpionatc, $igrna Fine OtfmVtl Com- 
pany) (24). 

immunization schedule 

A group of 12 rhesus raacaqtttB weighing 4 to B kg was used, of which 
5 were females and 7 were males. Th* macaque* wtir* hrmwtrf .-mH main- 
tained uncording to the guidelines Itid down by the United Kingdom 
Home Office under the Aoiraala Scientific Procedures Act 1986. Of these, 
9 macaques were each given 500 /ig of p27:T>VLP mixed with alumi* 
iLiuiu hjriUvxiUc (AJuOcl, Uniscknce, London, UK) ty targeted s.c. in- 
jection into the site defined below. Bach side was injected with 250 
of the vaccine in 0.5 ml of sterile saline. Three control animals were 
similarly immunized with 500 p,g of Ty-VLP mixed with Aluminium 
hydroxide. Targeted lymph node (TIN) immunization was conducted 
twice ai monthly intervals. All procedures with the macaques were eon- 
ducted under sedation with fctamine hydrochloride (10 mjtfkg; Southern 

Veterinary Services, Lewis, Ktt|»£»x» UK). To OOmpcmt the d.c. TLN im- 

Qlbnizalion with genito-Cral, recto-oral, and i.m. routes Of immunization, 
the corresponding fluids and sexa uored Cram previous experiments were 
used far quantitative EUSA. Some of the data of the lymphoproltf era live 
assays and in vitro AO synthesis used lor comparison in Figure 2 and 
Tabic II hove been published separately (5-7), 

Collection of fluids 

Samples were collected before and at monthly intervals after each tmmunt- 
zmton. Blood collected from the femoral vessel* waa deflbrinated and the 
acrum dcpouficd. A ccmAfaua vuttuiw uf about 2J ml of vagina], urethral and 
rectal washing? was collected without trauma, with the aid of flexible, lu- 
bricated pediatric nasogastric mbes as described previously (5-7). Seminal 
fluid was co llected by means of dcctrt»cjaculation (P-T Electronics. Bftrine. 
OR 9700$) into hepftrimzed bouies. Urine was collected by direct aspiration 
of the bladder before and approximately 1 mo after each immunization. Bile 
was aspirated diiectly from the gall bladder at the necropsy examination. 

EUSA 

Plates were coated with a prcdetenttiiied optimal concentration cf p27 (at 
i pgrtni) and a random peptide (R20) as a control A& they were incu- 
buied with doubling dilutions of test samples. Any bound Afa was de- 
tected by the second layer rabbit IgG anti-monkey IgA (fi Mfifcil; Nordic 
Immunnlngic I ah*, Miidenliead B«rka> UK) or UG <2 ^ S^mA-rine 
CaKnticuU), toUowcd by affinity-purified goat eoti-rabbix l^G-alkallnc 
phosphatase conjugate (Slgma-Fine Chomicals) and then p-nitrOphenyi- 
phoBphate-dlsoujum (Siflma-nkgnostics). The reaction wo* terminated 
with 3 M MaQH and the OP was mea&ured at a Wavelength of 40S nm. 
The results wore expressed at the lowest dilution giving an OD of 0.15 
U above the background sample for all except serum for which an OD of 
0*20 U was used. For urethral and rectal washing* (prmc^^6 *ix 
times), urine (concentrated 10 limes), and Seminal fluid, the stanino e*m~ 
pies were used neat and then diluted 1/2, 1/4, etc. whereas serum samples 
were diluted 1/100. 1/200. etc. The fluids were concentrated by lyophi. 
lucqtion and thp oaocenrntkm atop for the wtabiagk ana urine was taken 
into account When the resulfe were calculated. 

Quantitative assays of IgA and IgC Ah* to p27 

The conoemratigrw of IgA and IgG Abs to p27 were determined by af- 
finity purification of IgA and IgG Ahs to p27. Furthermore, to cernpare 
l£A Abs to P 27 b«rwMn TLN ond four other route* »t immuiilzaitoMn 
the rectal, vaginal, and urethral washings of unknown dilutions, we have 
prepared tola! IgA in addition to affinify-puri6*d IgA Abs to p27. Specific 
feO and IgA «r^p27 Ab« were punned from the rtcrum of an i.m.- 
immunized macaque by a ccuttbinaOon of gel flluailqn and ion exchan&c 
fixllowwl by affinity chromatography. (gG was purified in a single steo 
from DEAE cellolofie in 0.01 M Trta phosphate ( P H 7 JO). UA was pw- 
Uiilly mi rifled from the cam* whimn U u ^mdicnt &um 0.01 M phnaphuc 
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(pH 7.0) CO 0.3 M Tri* phosphate (pH 4.0). Fractions containing IM and 
same IgG were fan her purified by negative affinity chromatography, us- 
ing Scphuruse 4JJ Deads (Slgma-hine Chemicals), coated with anti-hu- 
man IgG. Both IgG and IgA were then applied to an affinity column of 
Scpba/ose beads coated with p27 (1 rng/g of beads). Specific IgG and 
IgA wai* feinted wirti M guanidine hydrochloride brought to a«utralky 
and datytt&d against PBS. The concentrations of IgG ind IgA were de- 
termined by spectrophotometry (w fi^ nm). The concentration of spe- 
cific IgG and IgA Abu to p27 were expressed by using the corresponding 
offinity-puriflcd igO and IgA pZ7 Abs as standards in each assay. Jo 
addition, the concentrations of IgA Abs to p27 were expressed as a per- 
centage of total IgA concentration in the test fluid. 

Characterization of urethral fluid, urine, and seminal 
fluid for IgA Abs 

These were examined by EUSA for IgA end IgG Abs and for the pres- 
ence of secretory component and J chains (5), by means of goat anti- 
human secret oty component Abe (Sigma), and goat antj J-chain Abs 
(Nordic). 

Mapping of 8 cell epitope* by competitive inhibition 

assays 

Serum and biliary tgA and IgG Abs Were determined to 22 overlapping 
peptides which were derived from the Sequence of p27. These peptides 
were 20 mors overlapping by 10 residues mm were supplied by Dr H. 
Holmes (Repertory of the Medical Research Council's AIDS Directed 
Programme. ADP 714; peptides 1-22). Peptides to which raised Ab lev- 
els were found in the immune sera and In Specimens of bile were selected 
for competitive inhibition assays. Plaits were COated with p27 (1 jLigftnl) 
as described tor EUSA. and U, 25. 50, and 100 pt&mt of each of the 10 
preselected peptide*, & random peptide (R2Q) or p27 was added to each 
well and (b*n iuoubuted with doubling dUutioiu of the ten scrum oi bile. 
The Ab binding EUSA results were eKpressed as the percentage inhibi- 
tion by each peptide of Ah blading to the p27 Ag. 

Lymphoproliferative assay 

Mononuclear cells were separated from defibrinatcd blood by Lym- 

f&Oprep (My COm^d, OdO, Norway) detHlly gradient cgutrljfugatioo, u 

described previously (5). The spleen, interna! iliac, inferior mesenteric, 
iliac, para- aortic, superior mesenteric,, bronchial, and uiuUnry lymph 
nodes were removed at autopsy from Six immunized macaques. The cell* 
were separated after breakup up the tissues and processed. Tbey were 
then cultured without Ag and with 1 and 10 ftg/ml of either p27. P 27: 
Ty-VLP. Ty-VLP, R2Q, or Con A in 96-wcil round-bottom plates 
fCostsr. Cambridge. MA) cnntxiiiiiig &pfcn 1640 (Sigma), ituppi^mcoivd 
with 100 *g/ro] penicillin (Sigma) and 100 f*&/mi slrtptumycin, 2 
iuMol/1 ii-glulamino (Sigma) and 10% autologous heat-inactivated Serum 
for 4 days and then pulsed with 0.5 uCi l*H]lhyrnidine for 4 h. Tho celhi 
were then hurrcatcd onto ftltc* jMpci dhuv and the ( *H] my mid tne uptake 
whb determined by scintillation counting. The results were expressed as 
stimulation indices (ratio of courts with Zud without Ag), and as qpm for 
cultures stimulated with 10 #ig/ral of p27; those stimulated with p27:Tv- 
VLf gave Simitar result* (dam not shown}. All Cultures yielded high 
stimulation indices and counts with Con A, and no significant increase in 
counts was seen with R2U (data not presented). 

To determine whiter th* CIM or CDS T call subset responds to Ou> 
p27 Ag, ihc mononuclear cells were incubated On plastic plates to RPMl 
1640 (containing lGfc FCS) for I h at 3TC in » humidi6cd atniosphcre 
with 5% CO* Nonadherent cells were removed and adherent cells (cn- 
udicd fur munocyies) were fncubiTed with tCPMl 1040 COrUmnlng lt«6 
FCS overnight at 37°C and recovered by washing the plate. Hie nOnad- 
herem T celts were then separated by roaetting with 2-wninoethyliao. 
Ihlouronium btomtde-tresled SRBC. The resetting T wens further 
separated by panning 5 x 10^ cells whb a predetermined optimal amount 
of anti-T4 mAb (100 pJ culture supenutunt per 10* cells) in HBSS with 
10% FCS overnight at 4"C. After washing, 1.5 X 10 7 cells Wert ailded 
to pciri diehe& chut hod been coaicd with affinity p milled ggut ttaii-mojBc 
IfiO (at 5 *g/ml in 03 M Tris-HCL pH 9.5) for 70 nun at 4*C The 
nonadherent cells consisted of enriched CDS* cells and the adherent 
cells were enriched CD<T cells. The enriched T cell subsets were recon- 
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stitutcd with 10% monocytes (plastic adherent cells) and stimulated with 
p27 and (he Other Acs as described above. 

In vitro C04 + Th ceil function in B cell Ab synthesis 

IgA and IgG Ab cynthew waa 3tudiud with enriched D cells, CD4 cdls, 
and monocytes derived from the Spleen or internal iliac lymph nodes. 
Enacted B celb (10 s ), CD4+ cells (4 X 10 s ) and monocytes (5 X 10 4 ) 
weie reconstituted and stunubued with p27, Ty-VLP or tetanus toxoid 
CTl) £ZVU or ng/ml> tor 7 days, washed, and then cultured without Ag 
for 8 days (5, 2S). The culture supernatant* weie assayed for the corre- 
sponding IgA or IgC Abs by a modified EUSA. Microtiier plates were 
coated with 1 uc/ml of Ag (p27. Ty-VT.P, or TV) and mltur* cuprrn^- 
tants were added ut a dilution of 1/2. Bound Ab ww delected using goat 
anti-monkey IgA or IgG (Nordic), followed by biotinyUlad rabbi i ami- 
goat IgG Ab, horseradish peroxidase, and p hen y I eue diamine dihydro- 
cLluiklc. Tbc rwcliuii was terminated whh 2 M H2SO4. The reaUlTS arc 
expressed as OD at a wavelength of 492 nm. with the QD of the control 
culture (without Ag) subtracted. 

Cross-over mconstitution experiments between iliac 
lymph node and splenic cells 

Crasa-OfOi rcccru&Ululkm cxi-tciiiLrcijis were then conducioo to determine 
if the CD4* Th and B cell Ab runclions differ between the splenic and 
intorftol iliac lymph node ceils in IgA and IgG Ab synthesis, enriched 
CD4+ T cells and B cells were reconstituted o$ described above, fol- 
lowed by mixing splenic CD4 T cells with iliac lymph node B cells and 
Mdi), and via; versa. A comparison was then made between the splenic 
and iliac lymph node CD4+ T cells and B cells uftcr unmunization by Ihc 
t^. TLN or i.in. routv. 

Statistical analysis 

Tne results were analyzed by appiymg tbc paired or unpaired Student 
i-test. 

Rosults 

Genitourinary.rectal-associated lymphoid tissue 

Autopsy examination of rhesus and cynomolgus macaques 
after mucosal genital or rectal immunizatioa revealed en- 
larged internal and external iliac lymph nodes containing 
activated T and B cells sensitized to the immunizing Ag 
(5-7), The internal iliac lymph nodes were also identified 
after vaginal submucosal administration of colloidal iron 
in rhesus macaques (26) and are consistent with the lymph 
nodes identified by subserous immunization of the female 
mouse pelvis (13). Thr InralbiuSon of the iliac lymph 
nodes was studied in five autopsies by s.c. injection of 0.5 
ml of India ink, aimed to be deposited in the proximity of 

tho internal iliac lymph AOde» before the OUtOpSy. The iu- 

ternal iliac lymph nodes were found distal to the femoral 
vessels and about 2 to 4 cm s.c. 

IgA and IgG Abs in vaginal, male urethral and rectal 
washings, urine, seminai fluid, and serum 

Sequential IgA Abs to p27 were studied in six macaques 
and these showed after the first TLN immunization a sig- 
nificant increase lit Abs in vaginal washings of female 
(p < 0.05) or urethral washings of male macaques (j> < 
0.01) and in rectal washings of either sex (p < O.001) 
(Table I). Increases in Abs were also detected after the 
second immunization; vaginal IgA Abs' increased approx- 
imately threefold, rectal and urethral IgA Aht twofold. A 



39Vd 



S3iins 1101**™ 



90 :EZ 9002/91/11 



The Journal of Immunology 1 86} 

Table I. IgA and feC Abs to p27 after targeted tymph node immunization (x 2) with p2?:Ty-VLP In AkiGel; No. J to J female and 4 to 6 
mate macaques* 



Immunization 6 Immunization* liitnfviMitUiun 



Mo. 


is 


PosM 




Post-1 


Post-i 




Poctl 


PoO-2 






Vifgin?) riuicf 


KeoaJ Fluid' 




Serum" 




1 




250 


022 


55 


200 


6.0 


10.7 


141.4 


2 


iba 


328 


1098 


58 


137 


27.0 


59.3 


162.8 


% 


IgA 


496 


1172 


$1 


109 




33.4 


59.6 


Mean 




360.7 


1030,7 


64.7 


106.7 


18J2 


34.S 


121.3 


(± SEM) 




(704) 




(8.2) 


<31.9> 


(6.3) 


(14,0) 


(31.5) 


1 


IgG 


56 


92 


14.0 


34.0 


4.9 


37.2 


111.3 


2 


l&C 


35 


ISO 


14,0 


38.0 


4.0 


7}.Q 


97,5 


3 


IgG 


68 


92 


20.0 


23.0 


213 


65.7 


69.6 


Mean 




59-7 


111.3 


16,0 


31*7 


10.1 


59.0 


93.0 


i± SEM 




<1S-4> 


(19-3) 


(2.0) 


<4.5> 


(5.6) 


(10.9) 


(12J) 



Urethra) Fluid* Rectal Fluid* Serum** 



4 
5 
6 

Mean 
(± SEM) 

4 
5 
6 

Mean 

(i SEM) 



ISA 
IgA 
IgA 



iec 
i*c 



66 


T40 


44 


69 


14.4 


39.1 


59.5 


58 


138 


52 


104 


8.6 


14.4 


54.9 


70 


144 


24 


33 


ND 


101.7 


136 J 


64.7 


140.7 


404) 


68.7 


11-5 


51.7 


63.7 


(3.S) 


(1.7) 


fBJ) 


(205) 




(25.9) 


(26.6) 




55 


12.0 


19.0 


14.5 


78.0 


&0.4 


14 


23 


77.0 


20. 


9.0 


24.4 


62.2 


14 


27 


7.0 


10 




108,9 


109 J 


31,0 


35.0 


123 


16.3 


11.8 


70.4 


773 


(17.0) 


(iOI) 




(3.2) 




(24.7) 


(16J) 



* Expressed in nanograms per milliliter (») or ** micrograms per milliliter (♦♦) before and mo after ihs first and second Immunization. 
&*^?™^*X<^£ '* G 10 WBre " 0t deteCl<!d in VaBlnal U " Hh * 1 ' or 0X131 fluids * Thllw T ^ VLP immunized macaques did not show significant 



significant increase in Aerum IgA At* In p27 W4t> found in 
alJ macaques (p < 0.05). None of the three control ma- 
caques immunized with Ty- VLP yielded p27 Abs. but Ahs 
to Ty were detected (results not presented). Examination 
for IgG Abs showed increases in p27 Abs in vaginal, ure- 
thral, and rectal washings, which, however* failed to reach 
the 5% level of significance (Table I). Serum IgG Abs 
were significantly increased in all macaques (p < 0.02). 

* Fn view of the unknown dilution factor in collecting 
mucosal washings, the results were then expressed as 
a percentage of p27 Abs within the total IgA con- 
centration of lhat fiuid (Table II). The highest propor- 
tion of IgA Abs to p27 was found in serum of female 
(3.97% ± 0.48) or male (3.33 ± 0,54) macaques, vag- 
inal washings (3.79% ± 0.38), and seminal fluid (3.3% 
± 0,15); this decreased progressively in rectal washings 
(1.7% ± 0.24), urine (0.7fl^ ± 0.1 R) and urethral wash- 
ings (0.6% ± 0.12). Urine and seminal fluid were also 
collected from three controls immunized with Ty-VLPs 
and IgA or IgG Ab« to p27 were not detected. However, 
all three macaques elicited significant serum IgA and 
IgG Abs to Ty. 



Comparative quantitative analysis of p2/ r -specitie IgA 
Abs after five routes of immunization 

The highest piupunJuu of p27-spechlc IgA Abs was found in 
the sera of male and female macaques immunized by the 
TLN route (3.3 to 3.9%), and these were significantly greater 
(p < O.0S) than those after the recto-oral, male geitito-orat, or 
Lm. route of immunization (1.9 to 2.8%; Table IT> Rectal 

WfishingA showed similar proportions of p27 specific IgA 

Abs after TLN (1.7% ± 0.24) as those after mucosal immu- 
nizations (1,6 to 1.7%), with the exception of rectooral im- 
munization (1.2% :t 0,26> The proportion of vaginal p27- 
specific IgA Abs was significantly higher (p < O.02) after 
TLN (3.8% ± 0.38) than that after vaginc-oral immunization 
(23% ± 0.28> Similarly, seminai fluid p27^pecific IgA Abs 
were higher after TLN (3.3% ± 0.15) than male gjmitD-oral 
immunization (1-4%), but the number of samples waj inad- 
equate for statistical analysis. Urinary and urethral p27-lgA 
Abs were comparable with those after male genihvorai im- 
munization, intramuscular ixnmuoizarion failed to elicit any 
mucosal, urinary, or seminai fluid p27-specifk IgA Abs 
CTable II). 
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Table II. Comparative quantitative analysis of SiV anti-g27 l$A Abs, after fh* routes of immunization in 29 macaques with 
SiV p27.r y -VLP* * 



l B A Abt ID p27* 



ftuufe of 
Immunization 


No. 


Rectal 


Vaginal 


Urethral 


injmrnal 
fluid 


Urine 


Strum 


la TIN (male) 
1 b TIN (female) 


5 

4 


170 (0.41) 
1 .6$ (0.1/} 


3./9 {0.3U/ 


0.61 (0.12) 


3.3 ± 0.15 


0.76 (0.16) 


3.33(0.54)' 

a.y/ (o.4ur 


2 Vaginocral-IM 

3 Genito-oraMM (male! 

4 Recto-oral-IM (maJe) 

5 Intramuscular 


5 
4 
6 
5 


1 .70 (0.36) 
1.60(0.051 
1.16(0.26} 
0 


2.27 <0.2fl) 
0 


0 

0.69(0,23) 
0 
0 


0 

1.4'' 


0.84 (0.H) 
0 
0 


3.03 (0.1 dj 
1.96 (O.05) 
2.81 (0.12) 
2.34 (0.29) 



* Dai A tor group*. 3 In K u«w nidiunnri by Fl RA rtf tluirk nollnrlwJ in pnH/toiix fxpn/imnnls. 

" The concentration of p27 IgA. Ab« It expressed as percentile of total IgA concentration and it given as mean % (± SEM). 
f p < 0.O5 of jenjm IgA: la against ^ la and lb against 4 gr 5. 
< 0.02 of vaginal washing!: 16 against 2, 



Table 111. Competitive inhibition of serum or biliary igA and IgG binding to recombinant p27 As by increasing concentration* of 10 
ejected peptide* derived from the sequence of p27; a random synthetic 30"* peptide (R20) wa* used ss a rvesaZ/Ve contra) and the pQ7 A& 
bs a positive control* 







Serum 






Biliary 






Scrum 






Biliary 




Peptide 


3S" 


SO 


100 


25 


50 


100 


25 


50 


100 


2S 


SO 


100 


R20 


0 


10 


10 


1 


14 


G 


12 


13 


15 


8 


15 


15 


P27 


52 


82 


100 


52 


65 


66 


46 


71 


62 


52 


71 


1)6 



21-40 


26 


32 


33 


35 


24 


23 


30 


34 


34 


10 


23 


27 


31-50 


24 


17 


17 


5 


26 


23 


40 


42 


48 


12 


26 


26 


41-60 


25 


25 


17 


25 


36 


34 


36 


36 


43 


28 


35 


34 


51-70 


45 


50 


51 


27 


27 


30 


GO 


66 


74 


28 


35 


35 




35 


56 


73 


48 


69 


79 


62 


69 


62 


59 


68 


62 


71-90 


41 


65 


02 


57 


72 


92 


56 


79 


94 


60 


74 


66 


121-140 


37 


76 


86 


47 


79 


92 


65 


67 


76 


48 


62 


92 


131-150 


40 


66 


65 


60 


60 


69 


59 


70 


84 


63 


75 


79 


141-160 


34 


73 


AO 


48 


70 


TO 


54 


C7 


at 


45 


72 


90 


1S1-170 


39 


56 


62 


39 


60 


66 


64 


70 


60 


40 


62 


55 



" The serum and bile were from a TLN-immuniied macaque. 

" tnc*eajins concentration* of 2s, bO, and 100 y^fm\ ot peptides were used tor inhibition. Inhibition greater than S(T% is set in bold tace type. 



Characterization of vaginal, urethral, rectal, urinary, 
and seminal fluid IgA Abs 

All fluids were examined by ELISA for secretory component 
and J chains in IgA. Aba lop27 in these iluids were detected 
by IgA secretory component or J chain Abs. The p27 -spe- 
cific Ab titers were comparable for IgA and SC (1/4 to 1/8), 
and to a lesser extern for J chains (1/2 to 1/6). In contrast, IgA 
anti-p27 Abs in serum failed to show detectable secretory 
component or J chains. These results are consistent with the 
p27-5pecnic IgA Abs in vaginal* seminal urethral, rectal flu- 
ids, and urine, being polymeric secretory IgA, whereas serum 
IcA is predominantly monomeric. 

Mapping of B cell epitopes by competitive 

inhibition assays 

Competitive inhibition with increasing concentrations 
of p27 peptides showed significant inhibition (>50%) 



with serum and biliary IgA and IgG Abs in the TLN 

immunized macaques by two groups of polypep- 
tides 61-90 and 121-170 (Table HQ. Maximum inhibi- 
tion within these two groups varied with different 
peptides. Peptide 51-70 showed significant Inhibition 
with serum IgG and possibly IgA Abs. The unrelated 
random peptide (R20) showed little inhibition, as did 
three other p27-derivcd peptides (21-60), whereas p27 
inhibited Abs to p27 by 79 to 100% (Table III). There 
was no obvious difference in the B cell epitopes 
between the serum and biliary Abs, except for residues 
51-70 that significantly inhibited serum but not biliary 
IgA and CgO Aba Ui yZ7 (Tabic III), Tlitac rcauHo sug- 
gest that two or more immunodominant B cell epitopes 
were elicited by the TLN route within tha polypep- 
tides 61-90 and 121-170, but the fine specificities of the 
B cell epitopes within these residues have not been 
determined. 
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Table IV. Comparative inhibition assays or biliary l&A (la-5a) and IgG Ob-Sb) Abs to p27 by synthetic peptides derived /rom the 
sequence of p27* 



Percent inhibition with 1 00 jarM Peptide* 



21-40 



121-140 
131 "ISO 



Route of 








31-50 




61-80 


141-160 


trnrmmfeaiion 


sex 




p2? 


41 -CO 


51-?0 


71-90 


151-170 


Biliary IgA 
















la TIN 


Male 


b 


86 


23-23-34 


30 




92-69-90-66 


laTLN 


Female 


7 


82 


19-15-30 


29 


74-91 


92-73-9T-S1 


2a <Jenuo-or3i 




b 


BZ 




IU 






3a Genilo-oraf 


Male 


28 


100 


24-10-20 


36 


74-68 


42-71-78-69 


4a Recto-oral 


Male 


4 


100 


26-16-10 


51 


69-7a 


62-39-82-63 






>0 


7<* 


7-6-4 


61 


74-88 


57-^12-72-60 


Biliary IgG 
















IbTLN 


Male 


15 


86 


27-26-34 


35 


8Z-88 


92-79-90-55 


ll> TLN 




22 


U6 




1M 




90-70^90^4 


2b Cenito-oral 


Female 


29 


90 


31-29-31 


31 


63-57 


61-50-56-54 


3 b Geni to-oral 


Male 


27 


100 


31-3^38 


36 


84-77 


65-72-84-68 


4b Recto-oral 


Male 


26 


80 


O-O-O 


60 


71-87 


63-78-75-70 


5b Intramuscular 




33 


100 


31-24-23 


67 


80-BO 


73^*6-82-64 



* Adjacent peptide yielding similar Inhibition were grouped together; polypeptides (21-601, (61-90) and (121-70]- 

Three concentrations (25, SO, and 100 v$f<x\\\ vf tach peptide <or \>17\ were used in Ihc inhibition a»ays (as in Table ill) but only maxim*! inhfoition with 
100 UK/nH or peptide \\ Riven, inhibition greater than 50% Is set In boid face type. 



Qomp^sdtwe ittfiibiUon cis^ys 

The competitive peptide inhibition assay was used to com* 
pare B cell epitopes in biliary IgA and IgG Aba, following 
the five routes of immunization (Table IV). Bile was used 
for the comparative inhibition assays because human bile 
contains both polymeric (54.1 /tg/ml) and mononteric 
(23.0 M£/(nJ) IgA, in addition ro IgG Mg/ml) (27), so 
that macaque bile is likely to assay both types of IgA. As 
with TLN immunization B cell epitopes were found for 
IgA and (gO Abs within residues 61-90 and 121-170 fol- 
lowing the other routes of immunization. Only peptide 
(51-70) inhibited significantly biliary IgA and IgG Abs 
after i.m. or recto-oral immunization, but not after TLN or 
genito-orai immunization (Tabic IV). No significant inhi- 
bition was detected within the polypeptide 21-60 or the 
random peptide R20, bui 79 10 100% inhibition was found 
WW) rhe recombinant p27 Ag (Table IV). The results sug- 
gest that B eel! epitopes reside within the polypeptides 
61-90 and 121-170, irrespective of the route of immuni- 
zation, but that a flanking peptide 51-70 can be found in 
macaques immunized by the i.m. or recto-oral route. 

Lymphopraliferative responses in P8MC, spleen, and 
lymph node cells 

T cell proliferative responses of PBMC to p27 (or Ty) 
showed a mean SI of 1.8 ± 0.31 before hnmunization, 

which increased significantly after the first (mean SI 5.9 ± 

1.9) and especially after the second TLN immunization 
(mean SI 18.6 i 5.3; Fig. t). This was specific to p27 (and 
Ty, not presented), but there was no change with the ran- 
dom peptide or Con A stimulation (the latter induced SI 
from 27.0 to 347.0 in all assays). The three control ma- 



caques immunized with Ty-VLP did not respond to stim- 
ulation with p27, but they responded to stimulation with 
Ty (SI, 3,4, 6.0, and 2,8). T ceils sensitized lo p27 (and Ty) 
were found at autopsy in the spleen, internal and external 
iliac, inferior mesenteric, and to a lesser extent* iliac- 
paraortic lymph nodes, hut not in the superior mesentnrio, 
bronchial, or axillary lymph nodes (Fig, 2), The prolifer- 
ating T cells belonged to The CD4 subset, as enriched 
CD4 + T eellu from blood, spleen, iliac, or inferior mes- 
enteric lymph nodes showed SI of 3.2 to 6.0. whereas en- 
riched CD8* T cells failed to respond to p27 (ST, 0.7 to 
1.9; data not presented), 

Comparative pioHferoiivc responses of T lymphocytes 
between TLN and four routes of immunization 

TLN immunization elicited a similar pattern of responses 
to p27:Ty-VLP in the lymph nodes us the three mucosal 
routes; internal iliac, inferior mesenteric, and iLiac-paraor- 
tic, in additiun tu the splenic and circulating T lympho- 
cytes (Fig. 2). These four routes of immunization differed 
from the i*ra. route in which only the splenic and circu- 
lating T cells and none of the lymph node cells responded 
to p27. The magnitude of T cell proliferation after TLN 
immunization was similar rn rhut found after geatto-ond 
immunization in females, but lower than those after 
gen ho- or recto-oral immunization in males (Fig. 2). 

Assay of splenic and iliac lymph node C04 + Th cell 
function in B cell Ab synthesis 

To find out if TLN immunization can elicit splenic or 
lymph node CD4+ T cell help for B cell Ab synthesis. 
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FIGURE 1. lymphoprol iterative re- 
sponses to SlV p27 by PBMC in six ma- 
caques before and 1 mo after each of 
the two targeted lymph node immuni- 
zations with p27;Ty-VLP In aluminium 
hydroxide. Each macaque is given a 
different symbol and the mean ± SEM 
(n = e) is shown by the bold line. The 
three control macaques immunized 
with Ty-VLP in aluminium hydroxide 
did not respond to p27 (bottom of the 
graph), but showed significant stimula- 
tion indices with Ty-VLP. 




Targeted Lymph Node Immunization 



these cells were reconstituted in vitro with M<p and stim- 
ulated with p27. Reconsti tilted splenic nelk fthnwftd hnrh 
IgA and IgG Abs to p27 ( but the IgG titers were higher 
than those for IgA (Table V). The internal iliac lymph 
nodo cells also yielded %A and IgG Aba to p27 but, with 
one exception, the IgA Abs were similar to IgG Abs (Ta- 
ble vy Reconstituted inferior mesenteric lymph node cells 
showed similar IgA and IgG Ab titers to p2 7 (data not 
presented). These results suggest that TLN immunization 
elicits IgA and IgG Abs to the stimulating Aft, but whereas 
the lymph node lymphocytes yield comparable IgA and 
IgG Ab levels, the splenic cells showed higher IgG than 
IgA Abs. 

Comparative CD4+ Th cell function in 8 cell Ab 
synthesis between TLN and four /uure> uf 
immunization 

Reconstituted splenic CD4 + T cells, B cells, and M4> 
showed consistently higher p27-specinc IgG than IgA Ab 
synthesis after all but the recto-oral route of immunization 
where the levels were equally low (Table VI). In contrast, 
reconstituted iliac lymph node cells yielded comparable 
p27-specific IgA and IgG Abs after TLN, higher IgA than 
IgG Abs after any of the three mucosal immunizations and 
no Abs after the i.nx route of immunization (Table VI). 

Cross-over reconstitution experiments between iliac 
lymph node and splenic cells 

The preferential synthesis of p27-specific IgG by rcoon* 
stituted splenic CD4 + T cells, B cells, and M<£ and com- 
parable IgA and IgG Abs by iliac lymph node cells after 
TLN immunization were further examined by cross-over 
reconstitution experiments (Table VII). Reconstitution of 
CD4* splenic with B iliac (instead of splenic) cells and 
M<f> showed a decrease In IgG Abs in the three experi- 
ments but an increase in IgA Abs in two out of the three 



experiments (Table Vll(a) and (b))- Conversely, reconsti- 
tution of CD4 + iliac with B splenic (instead of iliac) cells 
and M<f» resulted in a loss or decrease in p27-specific IgA 
Abs, without a change in IgG Abs in two of the three 
experiments (Tables Vll(c) and (d)). Thus, optimum IgA 
Ab synthesis to p27 requires iliac B cells and either iliac or 
spleen GD4* cells, whereas IgG Abs can be generated by 
both splenic and iliac CD4 + T cells and B cells, although 
maximum levels of IgG Abs are elicited by reconstitution 
with splenic CD4 and B cells. To find out if the kotype 
preferences of splenic and iliac lymph node cells is spe- 
cific to TLN immunization, we conducted similar cross- 
over reconstitution studies after Ira, iminunlzadon. These 
showed that unlike splenic cells, the iliac lymph node cells 
failed to generate IgA or IgG Abs (Table Vll(a) and (c), 
experiments 4 and 5). However, reconstitution of CD4* 
iliac with splenic B cells elicited significant IgG Abs in 
both IgA and Aba in one experiment (Table VII(d), ex- 
periments 4 and 5), but splenic CD4 + cells reconstituted 
with iliac B cells resulted in loss of both IgG and IgA Abs 
fHiblc VII(b), experiments 4 and 5). 



Discussion 

Targeting a recombinant vaccine in the proximity of the 
principle genitourinary and rectal draining lymph nodes in 
nonhuman primates elicited four levels of immunity: mu- 
cosal, draining lymph nodes, the spleen, and circulation. 
Specific secretory IgA and IgG Abs have been induced in 
vaginal, male urethral, rectal and seminal fluids, and in 
urine. The slgA Abs may act as a barrier of viral adhesion 
to the epithelial surface of the genital, urinary, or rectal 
tract. The presence of specific slgA (and IgG) Abs in urine 
may help urethral Abs to prevent adhesion ot SlV to the 
mucosa, and from infecting the urinary tract The function 
of IgA and IgG Abs in seminal fluid might prevent or 
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FIGURE 2. Comparative proliferative responses of T lymphocytes from 19 rhesus macaques Immunized with p27:Ty-VLP 
mixed with aluminium hydroxide by the TLN route (n = 6> r and i,m. route (r) = 3), or with p27:Ty-VLP linked to CTB subum*, 
3aWfV»tCrcd by tfcc recto-oral (n - 3), mole gen i to- orft I <n - 4), or female &crn to-oral route (n - 3). 



diminish transmission of HTV to the sexual partner, pos- 
sibly by the Abs masking HIV antigenic binding sites to 
the epithelium, rhnrphy causing viral exclusion. However, 
slgA may also prevent viral assembly inside epithelial 
cells which express the polymeric receptors for IgA (28). 
A potcutlal ueuu«luij|g function of igG Abs at the muco- 
sal surface has so far not been investigated. 

As mucosal immune responses can be achieved by the 
TLN route of immunization, it seemed important to com- 
pare the immune responses with those elicited by direct 
vaginal, male genitourinary, or rectal mucosal immuniza- 



tion. Examination of the proportion of IgA Abs to p27 in 
each fluid after TLN immunization with the rSIV p27:Ty- 
VLP and aluminium hydroxide suggests the following (1) 

Genital, urinary, rectal, seminal fluid, and serum IgA and 
lgG Abs were elicited. (2) Vaginal, urethral, rectal fluid, 
and urinary IgA Abs to p27 are polymeric (with J chains) 
and secretory (with SQ, (3) Higher concentrations of vag- 
inal, rectal, urinary, and serum IgA Abs are achieved after 
TLN than after vagino-oral immunization. (4) IgA Ab con- 
centrations in serum were higher, in rectal fluid and urine 
they WftTf, simiinr, «nd in seminal and- urethra] fluid they 
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Table V. tgA And tgC Ab synthesis by stimufation in vitro with p27 t Ty-vLP, Of TT of reconstituted CD4 4 ceifs, 6 ceifs and macrophages 
tromtbe spleen //tec lymph nodes of six macaques immunised with p27;Ty-VLP by the TLN route* 



Spleen Hi^ 



No. 








IRA 


IgC 


1 


p27 


0.35 (1 :4) 


0.97(1:8) 


ND 


NO 




Ty-VLP 


0.1 1 


0.13 


ND 


NO 




TT 




0.04 


NL) 


WD 


2 


p27 


0.56 {1 :2J 


T J (1:8) 


0-99 (T:4) 


0.98(1:16) 




Ty-VLP 


0.02 


0.01 


ai4 


0.1 fi 




TT 


0.0 


0.01 


0 


0 


3 


P 27 


0.16(1:1) 


0.46 (1 :4> 


0.52 (1:2) 


0.25(1:2) 




Ty-VlT 


a.oc 


0.04 


0.07 


0.02 




TT 


0.04 


0.05 


0.03 


0.05 


4 


p2? 


0.2T (1:1) 


1.6 0:16) 


0,50(12} 


1.4 (1:B) 




IV-VLK 


0.12 


o.rj 


0.10 


0.11 




TT 


0.06 


0-10 


0.0 


0.0 


5 


027 


0*44(1:2) 


0.62 (1 :4) 


n.S^ (1:4) 


0 4H 




T^VLP 


0.12 


0.04 


0.03 


0.06 




TT 


0.02 


0,04 


0.04 


0.01 


6 


p27 


0-12 (0) 


0.23 (1 ;2) 


0.16(7:1) 


0.16(1:7} 




Ty-VLP 


0 


0 


0 


0 




TT 


0.06 


0.08 


0-07 


0.05 


* Ab* to pX7 were 

In paiemhrtcj. 


estimated by CU5A *i*t 




dLbuiOdiiLk: ill « vrtiwIcrigUi uf 402 /i 


m and <a d dllutJud (liter) ttn: cell MjpernttLdnc 



Table VI. C&nparative In vitro Ab synthesis by reconstituted CDS'*" T cctts, B ceils,, and macrophages with p27 from 

immunized by fine routes with p27:Ty*VLP mixed with aiuminmm hydroxide (AlfOH)^ (routes fa, 1b, and 5), or finked to CTB 
(routes 2to4f* 



Route of 
Irtifruniutlon 


No. of 
Macaques 




Hide Cell* 


Splenic Cells 


Adjuvant 




l*C 


IgA 


f&G 


la TLN (male) 
lb UN (female) 


3 
3 


AI(OH) 5 


0.40 (0.11) 
0.76^ 


0.66 (0.37) 
0.62 6 


0.26 (0,10) 
0.42 (0.13) 


0.B2 (0.40) 
1.04 (0.36) 


2 Gehito-Of'al (female) 

3 Genito-oral (male) 

4 Kecto-oral (male) 


3 

3 
3 


CTB 
CTB 
CTB 


0^0 (0.03) 
Q.S6 (0.07) 
0.20 (0.05) 


0.td<0) 
0.49(0.06) 
0.04 (0) 


0,20 (0.02) 
0.12(0.05) 
0.21 (0.04) 


0.40 (0) 
0.24 (0.07) 
0.19(0.01) 


S Intramuscular 


3 


AKOH) a 


0.05 (0) 


0.08 (0) 


0.27(0.12) 


0.50 (0.25) 



* The mutts of p27 Abs arc given as mean (± S£M) of absorbance *t 492 nm, 
6 Two macaques tested only. 



were c lightly lower after TLN than those found after mole 
genito-oiai immunization. (5) Serum and rectal IgA Abs to 
p27 showed higher concentrations after TLN than recto* 
oral immunization, and only the former elicited detectable 
Abs in the urine and urethral washings. 

The immunodominant B cell epitopes were then deter- 
mined after TLN immunization by using overlapping syn- 
thetic peptides derived from the sequence of p27. A com- 
petitive inhibition assay was used in which the peptides 
were competing for Ab binding with me. recombinant p27 
protein. Inhibition of 55 to 92% (mean 78%) was recorded 
with polypeptides 121-170 and 73-9496 (mean 84%) with 
polypeptides 61-90, but less than 35% inhibition (mean 
25%) was detected with polypeptides 21-60 and 6 to 15% 



with the random peptide R20. These results suggest that 
two or more B cell epitopes reside within polypeptides 
61—90 and 121—170. A comparative inhibition assay with 
biliary IgA or IgG Abs in macaques irnjounized by the 
i.m. P recto-oral, or genito-oral route confirmed these B cell 
epitopes. However, peptide 51-70. flanking the polypep- 
tide 61-90, showed significant inhibition of biliary IgA or 
IgG Abs only from those macaques immunized by the Lnu 
and recto-oral routes, and might be part of one or more B 
cell epitopes within residues 51-90. The minimal peptide 
capable of binding IgA or IgG Abs will have to be deter- 
mined, although there are inherent difficulties in using lin- 
ear synthetic peptides which do not have the conforma- 
tional structure of the native protein. Nevertheless, the B 
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Table VlL The effect of cross-over (^constitution of splenic (spf) with tfwc lymph node CDA And 8 cefls on in vitro fcA and tgC Ab 
synthesis to p27 after TLN or i,m* immunization* 

RecoPttituUon of Cells 



Expt. 
No. 



Route of 
Immunization 



CD4 sp) + B spl 



CD4 sol + B iliac 



CD* lll«C + B iliac 



IfiC 



IgA 



tec 



(d) 

CD4 iliac + P *pl 



1 TIM 0.16 0.4G Q.52 0.24 032 0.2S 0.15 

2 TIN 0.21 1.63 0.39 0.59 0,49 1.37 0.14 

3 TLN 0,56 1.69 0O6 0.36 0.99 0.98 0.76 

4 Intramuscular 0.16 0.36 0.10 0.12 0.14 u.i* u.u 

5 . Intramuscular 0.52 UW O09 O05 O01 O03 0O9 

■* Macrophages were added to all re«jntfiiution experiments; the r«oll» are given M abwrbance ai 492 nm and those srcaiifr than 0.1 5 are vei in bold face lype. 



IgG 

~028 
034 
1.08 

0.64 



cell epitopes reside within peptides that overlap or are ad- 
jacent to the T cell epitopes 121-150, 41-60, and 61-80, 
mapped for T cells after oro-rectai and i-m. immunization 
(6, and R. Brookes, L. A. Bergmeier, S. E. Adams, and T. 
Lchncr. 1994. Generation of diversity in T cell epitope 
hierarchy by different routes of immunization with SIV 
p27:Ty -virus like particles. Manuscript in preparation.). 

A comparison of the lymphoproliferative responses af- 
ter TLN with those or the three mucosal routes of immu- 
nization showed no significant difference in the distribu- 
tion of lymph node cells sensitized to the p27 Ag. The 
proliferative T cells belonged to the CD4"^ subset, irre- 
spective of the route of immunization (5, 6, 7), It is inter- 
esting that the magnitude of T cell proliferation after TLN 
immunization was similar to that found after female 
genito-oral but lower than those after male genito-oral or 
rccto-azai immunization. TLN, like the mucosal routes dif- 
fered from 1M immunization by sensitization of CD4 + T 
cells not only in the circulation and the spleen but also in 
the internal iliac, inferior mesenteric, and common iliac- 
para-aortic lymph nodes. 

Localization of specific T and B cells to the primary 
draining lymph nodes of the genitourinary and rectal tracts 
might be essential in preventing transmission of HIV by 
infected I,angerhans> dendritic cells, or M<£ from the mu- 
cosal tissues to these lymph nodes. The T and 5 cell func- 
tions might prevent viral latency and producing a viral 
reservoir in the primary diauiiug lymph notice if Utc mu- 
cosal immune barrier were to be breached. The signifi- 
cance of this observation has been greatly enhanced re- 
cently by the evidence that HIV is found early in infection 
in the lymph nodes, and that the virus remains latent prob- 
ably in the follicular dendritic cells (29, 30). A central 
immune barrier is also induced, which is comparable to 
that found after i.rn* immunization, in that splenic and cir- 
culating proliferative and Th Qcllg, as well as sensitized B 
cells, IgG and KgA Abs, are found. 

Reconstitutlon experiments with enriched CD4* T ceils, 8 
cells, and M<f> separated from the spleen and iliac lymph 
nodes after TLN urummizatton elicited SIV p27 specific IgA 
and IgG Abs. However, although splenic cells elicited higher 



LgO than IgA Abs, the iliac lymph node ceils yielded com- 
parable IgG and IgA Abs. A comparison of TLN with the 
three mucosal and the tm. routes of immunization showed 
similar results with reconstituted splenic cells, in that p27- 
specific IgG Abs were higher than the IgA Abs. However, 
reconstituted Iliac lymph code cells yielded higher IgA. than 
IgG Abs after the three mucosal routes of immunization, sim- 
ilar IgA and IgG Abs after TLN, and no Abs after Lm. im- 
muiuzauuu. 1L appears thai iiuuiuuizatioji by the TLN iuuie 
elicits regional and central CD4* Th cells and & cells, as was 
found in genito-oral or recto-oral unrouiiization, but the 
helper function was higher especially for IgG Abs. Surpris- 
ingly, p27-speciftc IgG Ab synthesis by splenic ceils was 
higher than those found after i jn. immunization. Cross-over 
reconstitutKon experiments between iliac and splenic CD4 + T 
and B cells and M<ps were consistent with the concept that 
higher tgG Ab synthesis is generated by splenic than iliac B 
cells, and conversely higher IgA Abs arc synthesized by B 
cells from the iliac lymph nodes than those from the spleen* 
CU4 ' ih cells were essential tor both lgu and IgA synthesis 
in this reconstituuon system (31). These results are consistent 
with the murine studies that oral mucosal immuruzatioj] in- 
duces predominantly IgA Abs, unlike i.m. immunization, 
which favors IgG Abs (32-35). It is noteworthy that i.m. 
immunization elicited maximal IgG and IgA Ab responses by 
splenic CD4 and B cells and failed to elicit significant IgA or 
IgG Abs from the iliac lymph node cells. 

TLN immunization combines most of the advantages of 
mucosal and i.m. immunization, in generating local mu- 
cosal, regional lymph node, and central splenic and circu- 
lating immunity. Furthermore, an alternative s.c route of 
immunization achieves mucosal immunity with two injec- 
tions, as compared with five mucnutl appHrationP' this re- 
duces the experimental time and expense by more than 
50%, This route of immunization may facilitate investiga- 
tions of potential vaccines against HIV and uihcx Ms&ually 
transmitted diseases because broadly based and consistent 
mucosal immune responses are induced. The adjuvant 
used is aluminium hydroxide, which has a long safety 
record in humans. TLN immunization may also facilitate 
compliance and allow flexibility id administration of a 
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vaccina in diffcrem countries, because s.c. immunization 
might be more acceptable to some than genital or recta] 
immunization* Other sexually transmitted diseases that are 
open to this approach are human Papillomavirus* herpes 
simplex, Candida, Chlamydia, or gonococcal infection. 
The functional significance of the four levels of immunity 
will need to be tested by mucosal challenge with SIV or 
other microbial agents. 
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